Abstract Solid urethral and peri-urethral lesions are rare and encompass benign and malignant aetiologies. A diagnosis without imaging is often challenging secondary to non-specific clinical symptoms and overlapping findings at the time of physical examination. Magnetic resonance (MR) imaging may be helpful in confirming a diagnosis while providing anatomical detail and delineating disease extent. This article reviews the normal MR anatomy of the male and female urethra, the MR appearance of solid primary and secondary urethral lesions, and the MR appearance of solid urethral lesion mimics.
Introduction
Solid disorders of the urethra and peri-urethral tissue are rare, and include a broad spectrum of innocuous and aggressive processes. To correctly differentiate these conditions without imaging is challenging due to non-specific and overlapping clinical signs and symptoms. Furthermore, physical examination often fails to distinguish the process origin as urethral from disorders of adjacent organs, and is unable to accurately delineate between the types of primary urethral masses [1, 2] .
Magnetic resonance (MR) allows for high resolution multiplanar imaging of the urethra. Advancements in phased-array pelvic and endovaginal coils have led to improved evaluation of urethral and peri-urethral disorders [1, 3] . Traditional imaging techniques, such as voiding cystourethrography and retrograde doubleballoon positive-pressure urethrography, are helpful, but are invasive and unable to characterise extraluminal spread or peri-urethral conditions [1, 4] . Therefore, incorrect diagnosis and delayed treatment often occurs when relying on these modalities [1, 3] . High-resolution transvaginal, transperineal and transurethral ultrasound have been touted as reliable techniques for the diagnosis and characterisation of urethral abnormalities. While contributory when performed by an experienced sonographer, the examination can be lengthy and is operator dependent [5] . Furthermore, while ultrasonography is an important tool in the evaluation of cystic urethral and peri-urethral lesions, the contrast resolution and anatomical detail provided by MR imaging for solid lesions is unsurpassed. MR imaging can provide critical information in the management and preoperative planning of solid urethral and peri-urethral conditions.
The aim of this article is to review the normal MR anatomy of the male and female urethra, as well as the MR features of benign and malignant solid primary and secondary urethral lesions. In addition, the MR appearance of solid urethral lesion mimics will be discussed.
Normal MR anatomy of the male urethra
The male urethra averages 17.5-20 cm in length, and consists of anterior and posterior portions. The posterior urethra is subdivided into the prostatic and membranous segments [6] . T2-weighted magnetic resonance imaging (MRI) allows for visualisation of the urethral course as it transverses the prostate and urogenital diaphragm respectively [7] (Fig. 1a) . The anterior portion is located in the corpus spongiosum and may be subdivided into penile and bulbous segments. The bulbous urethra extends from the inferior margin of the urogenital diaphragm to the penoscrotal junction. The penile segment then continues to the external meatus. The normal anterior urethral lumen may be difficult to delineate without a catheter in place.
While there is inter-institutional variability, the standard imaging protocol emphasises T2-weighted and gadoliniumenhanced T1-weighted sequences (Table 1) . At our institution, for lesions in the anterior urethra, the patient is positioned supine, with a folded towel between the patient's legs to elevate the scrotum and penis. With the penis in the anatomical position and loosely secured in position against the midline lower abdomen, a surface coil is placed over the penis [8, 9] . For posterior lesions, or when obtaining pelvic images to look for inguinal or obturator lymphadenopathy, a phasedarray pelvic or body coil is used [8, 9] . While dependent on lesion location, dynamic contrast enhanced images are most often obtained in the sagittal plane.
Normal MR anatomy of the female urethra
The female urethra averages 3-4 cm in length and extends from the bladder neck to the vestibule, forming the external meatus between the labia minora (Fig. 1b) . T2-weighted MRI allows for demarcation of the concentric zonal anatomy in each of the three orthogonal planes, displayed as alternating hyper-and hypo-intense rings. Centrally, intraluminal fluid (when present) is hyperintense. The surrounding mucosa is hypointense. The submucosa, consisting of smooth muscle contiguous with the bladder neck, is hyperintense. The outermost layer, composed of circular striated muscle, is hypointense [6, 7] (Fig. 1c) . MR imaging of the female urethra is typically performed with a pelvic phased-array coil. For higher resolution imaging, endovaginal or endorectal coils are occasionally requested to delineate detailed anatomy for surgical planning. Standard protocols emphasise axial, coronal and sagittal fast spin-echo T2-weighted sequences, and axial 2D fat-suppressed spoiled gradient-echo T1-weighted sequences before and after intravenous contrast administration. In contrast to males, the dynamic phase images are most often performed in the axial plane for females.
Malignant primary tumours of the male urethra
Malignant urethral lesions in males tend to present after 50 years of age as a palpable mass in the perineum or along the length of the penile urethra. Other potential presentations include: obstructive voiding symptoms, urethral stricture or bleeding, serosanguinous discharge, perineal pain, urethral fistula, or peri-urethral abscess [6] . Urethral tumours may be categorised according to location and histology. In males, 60 % arise in the bulbomembranous portion. Of these, 80 % are transitional cell carcinoma (TCC), 10 % are squamous cell carcinoma (SCC) and 10 % are adenocarcinoma. Thirty percent arise in the prostatic urethra, of which 90 % and 10 % are TCC and SCC, respectively. The remaining 10 % arise in the penile urethra, of which 90 % are SCC and 10 % are TCC [6, 10] (Fig. 2) .
MRI is useful in demonstrating tumour location and size, as well as for local staging [6, [11] [12] [13] [14] (Table 2 ). Relative to the normal corporal tissue, tumour will be hypointense at T1-weighted imaging (T1WI), hypointense at T2-weighted imaging (T2WI), and progressively enhance at T1WI following intravenous gadolinium-based contrast administration (T1WI + C). As the corpora tend to be very vascular, a mass may appear to be relatively hypoenhancing. In general, stage I disease is not detectable on MRI. However, MRI readily depicts stage II tumour as invasion of the corpus spongiosum, prostate, or peri-urethral muscle (Fig. 3a) . The tumour is upstaged to stage III with the presence of corpus caveronsum invasion or extension beyond the prostatic capsule ( Fig. 3b and c) . In addition to direct extension, urethral lesions can metastasise to regional lymph nodes. An anterior tumour spreads via inguinal lymph nodes and occasionally into the external iliac chain lymph nodes (Fig. 4) . Posterior urethral tumours most commonly spread first to the deep pelvic lymph nodes, harbouring a much worse prognosis when present.
Accurate preoperative staging of urethral carcinoma is critical, as tumours sparing the corpus spongiosum and corpora cavernosa may qualify for a conservative surgical approach. In contrast, advanced lesions often require a total penectomy with creation of a perineal urethrostomy when 10%: 90% SCC 30%: 90% TCC 60%: 80% TCC Fig. 2 Illustration of the male urethra in the sagittal plane highlighting the percentage of urethral carcinoma by location (1st percentage) and the most common histological subtype in that location (2nd percentage). TCC transitional cell carcinoma, SCC squamous cell carcinoma involving the anterior urethra and anterior exenteration with radical cystoprostatourethrectomy and urinary diversion when involving the posterior urethra [15, 16] .
Malignant primary tumours of the female urethra
While rare in both genders, urethral malignancies are more common in females, with a female-to-male ratio of 4 to 1 [6, 17] . As with males, the presenting population tends to be greater than 50 years old. Potential associated symptoms include: urethral bleeding, urinary frequency, obstructive symptoms, palpable urethral mass or induration. Female urethral malignancies are classified as anterior, where tumour is isolated to the distal third of the urethra, or entire, where the proximal two-thirds of the urethra +/− the anterior segment are involved (Fig. 5) . There is no distinction in treatment between tumours involving the entire urethra and those isolated to the proximal two-thirds. The anterior subtype accounts for approximately 45 % of urethral tumours, and tend to be less extensive and low grade [7] . Histological subtypes are 60 % SCC, 20 % TCC, 10 % adenocarcinoma, 8 % undifferentiated tumour and sarcoma, and 2 % melanoma [6] .
MRI can play an important role in local staging ( Table 2) . Tumours of squamous cell or transitional cell origin will be relatively hypointense on T1WI and hypointense to intermediate intensity at T2WI and demonstrate heterogeneous enhancement. In contrast, adenocarcinoma tends to be relatively T2 hyperintense, with variable enhancement [5] . As with urethral tumours in males, MRI has limited utility in depicting stage I disease. However, the target-like appearance of the normal urethra on axial T2-weighted images will be disrupted in stage II lesions [6, 18] . With stage III and IV disease, differentiation of primary urethral lesions from those of the vulva or vagina may be difficult (Fig. 6 ).
Benign urethral lesions
Solid benign urethral lesions are very rare. The more commonly encountered include: leiomyomas, haemangiomas and fibroepithelial polyps [6, 7, 12, 19, 20] . While MR imaging characteristics of benign lesions overlap with those of malignant tumours, there are imaging characteristics which may assist in the diagnosis.
Urethral leiomyomas originate from smooth muscle fibres of the urethra. They tend to present in reproductive age females as difficulty in micturition and urinary Fig. 3 a Malignant male tumour: stage II bulbar urethral squamous cell carcinoma. The patient presented with a palpable non-tender mass. Sagittal T2-weighted image demonstrates a bulbar urethral mass invading the corpus spongiosum (arrows). b Malignant male tumour: stage III penile urethral squamous cell carcinoma. In a different patient, sagittal T2-weighted image demonstrates a large penile urethral mass involving the corpus sponsiosum (arrows) and focally invading the tunica albuginea and corpora cavernosa (block arrow). c Malignant male tumour: penile urethral squamous cell carcinoma. Retrograde urethrogram of the same patient as b demonstrates irregular narrowing of the penile urethra secondary to the mass (arrows). The full extent of the mass and the corpora cavernosa invasion is not appreciated by this modality a b c tract infections, dyspareunia, and/or haematuria [19, 20] . At MRI, urethral leiomyomas tend to be well demarcated, and follow signal characteristics of a non-degenerated uterine leiomyoma; low to intermediate signal intensity on T1WI, low to intermediate signal intensity on T2WI and fairly homogeneous enhancement (Fig. 7) .
Haemangiomas of the urethra are believed to arise from embryonic remnants of angioblastic cells that failed to develop into normal blood vessels [21] . Urethral haemangiomas occur much more commonly in males, with haematuria and/or haematospermia being the presenting symptoms [22, 23] . At MRI, high T2WI signal similar to the characteristic appearance of a hepatic haemangioma has been reported [21] . Ultimately, cystourethroscopy and biopsy are required for diagnosis [21] [22] [23] .
Fibroepithelial polyps of the urethra present more commonly in children [24] . When presenting in adulthood, the clinical, radiographic and endoscopic findings will most often be that of an obstructing mass at the bladder neck and prostatic urethra [24] [25] [26] . MRI can demonstrate the typical polypoid shape, with a stalk connected to the bladder neck. The tumour contains abundant stroma; therefore, homogeneous enhancement after intravenous gadolinium administration is characteristic [27] . adjacent organs. This includes primary tumours originating in the prostate, rectum, spermatic cord, penis, vagina (Fig. 8) , vulva or bladder. Primary TCC of the urinary bladder has been reported to involve the proximal urethra in 2-13 % of women at the time of diagnosis [1, 3] .
Secondary tumours to the urethra
Bladder TCC may also spread to the anterior urethra by seeding during urethral instrumentation or at cystectomy, and will be difficult to differentiate from metachronous urethral TCC both clinically and radiographically. This has been described at urethrography as multiple small mucosal nodules [6, 12] . A similar appearance can be demonstrated at MRI, with multiple small enhancing mucosal nodules (Fig. 9) .
Haematogenous metastases to the corpus spongiosum are occasionally seen with melanoma, prostate, bladder, colon, testicular and renal primaries [6, 12] (Fig. 10) . Erosion into the urethra will then produce urethral irregularities.
Urethral tumour mimics
Complex cystic peri-urethral lesions may mimic a solid mass on imaging. Examples include inflamed/infected urethral diverticula and urethral bulking agents. An uncomplicated urethral diverticulum will be high signal on T2WI and demonstrate little, if any, enhancement (Fig. 11a) . In a a b complex urethral diverticulum, the fluid is intermediate signal on T2WI (Fig. 11b) , and may enhance heterogeneously.
The MR characteristics of urethral bulking agents vary based on their composition and the time since injection. The most commonly used agents are collagen suspension or coated microbeads. Recently injected peri-urethral collagen suspension is intermediate to hyperintense on T2WI and lacks enhancement (Fig. 12) . The collagen suspension becomes isointense to hypointense with time on T1WI and T2WI. Coated microbeads are hypointense on T2WI and T1WI and lack enhancement, regardless of age [28] .
Amyloidosis is often a systemic condition, however, can be a diagnostic dilemma when localised to the urethra. The clinical presentation and imaging features overlap with that of malignancy. At MRI, amyloid depositions are hypointense on T2WI (Fig. 13a) and hypointense on T1WI, with avid enhancement [29, 30] . Penile ultrasonography plays a complimentary role, depicting intramural calcifications as echogenic foci with posterior shadowing [30] (Fig. 13b) .
Conclusion
MRI is an important imaging technique in the evaluation of the spectrum of solid urethral and peri-urethral lesions in adults. There is high accuracy in local staging of primary urethral carcinomas in both males and females due to excellent soft tissue resolution. Disruption of the "target-like" zonal anatomy of the female urethral wall indicates peri-urethral extension. It is important to be aware of benign urethral lesions, particularly those that may mimic solid urethral masses. [30] . b Urethral tumour mimics: primary urethral amyloidosis. Correlative ultrasound demonstrates intramural calcifications. Reprinted with permission from Kawashima et al. [30] 
